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Introduction 
La recherche des apnées du sommeil est recommandée dans la prise en 
charge préopératoire des patients obèses chez qui une chirurgie 
bariatrique est envisagée. Toutefois le type d'examen nécessaire pour la 
détection des apnées dans cette population reste encore discuté. L'objectif 
de cette étude était de comparer la sensibilité de l'oxymétrie par rapport à 
la polygraphie lors du screening préopératoire de l'apnée obstructive du 
sommeil. 
Méthode 
Nous avons analysé rétrospectivement les données d'enregistrement de la 
polygraphie (moniteur portable de type III) et de l'oxymétrie de 68 
patients consécutifs adressés au Centre du sommeil dans le cadre de leur 
bilan avant chirurgie bariatrique. 
Nous avons comparé la sensibilité de l'index de désaturation 3% ou 4°/o (à 
partir de l'oxymétrie seule) avec l'index d'apnée-hypopnée (à partir de la 
polygraphie) pour diagnostiquer l'apnée obstructive du sommeil. Les 
patients ont été réparti en 3 groupes selon la sévérité de leur atteinte: 
normale ( < 10 évènements/heure), faible à moyenne (10-30 
évènements/heure), sévère (>30 évènements/heure). 
Résultats 
Si l'on considère l'index d'apnée-hypopnée (polygraphie), la prévalence de 
l'apnée obstructive du sommeil avec un index d'apnée-hypopnée supérieur 
à 10 évènements par heure était de 57,4°/o : 16,2°/o des patients étaient 
classés comme sévèrement atteints, 41,2°/o comme faiblement à 
moyennement atteints et 42.6°/o comme normaux. 
Si l'on considère l'index de désaturation 3°/o, 22, 1°/o des patients étaient 
classés commes sévères , 47,1°/o comme faiblement à moyennement 
atteints et 30,9°/o comme normaux. 
Avec un index de désaturation de 4°/o, 17,6°/o étaient classés comme 
sévères, 32,4 °/o comme faiblement à moyennement atteints et 50°/o 
comme normaux. 
En comparant l'index de désaturation 3°/o à l'index d'apnée-hypopnée 
(> 10 évènements/heure), nous avons obtenu une valeur prédictive 
négative de 95°/o pour exclure une apnée obstructive du sommeil et une 
sensibilité de 100% dans la détection des cas sévères d'apnées 
obstructives du sommeil (index apnée-hypopnée >30 évènements/heure). 
Le coefficient de concordance entre l'index d'apnée-hypopnée et l'index de 
désaturation 3°/o était de 0,759 alors qu'il était de 0,856 entre l'index 
d'apnée-hypopnée et l'index de désaturation de 4°/o. 
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Abstract 
Background Screening for obstructive sleep apnea (OSA) 
is recommended as part of the preoperative assessment of 
obese patients scheduled for bariatric surgery. The objective 
of this study was to compare the sensitivity of oximetry 
alone versus portable polygraphy in the preoperative 
screening for OSA. 
Methods Polygraphy (type III potiable monitor) and oximehy 
data recorded as part of the preoperative assessment before 
bariatric surge1y from 68 consecutive patients were reviewed. 
We compared the sensitivity of 3% or 4% desaturation index 
(oximetry alone) with the apnea-hypopnea index (AHI; 
polygraphy) to diagnose OSA and classify the patients as 
normal ( <l 0 events per hour), mild to moderate (10-30 events 
per hour), or severe (>30 events per hour). 
Results Using AHI, the prevalence of OSA (AHI> 10 per 
hour) was 57.4%: 16.2% of the patients were classified as 
severe, 41.2% as mild to moderate, and 42.6% as normal. 
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Using 3% desaturation index, 22.1 % were classified as 
severe, 47.1 % as mild to moderate, and 30.9% as normal. 
With 4% desaturation index, 17.6% were classified as 
severe, 32.4% as mild, and 50% as normal. Overall, 3% 
desaturation index compared to AHI yielded a 95% 
negative predictive value to rule out OSA (AHI> 10 per 
hour) and a 100% sensitivity (0.73 positive predictive 
value) to detect severe OSA (AHI>30 per hour). 
Conclusions Using oximetry with 3% desaturation index as 
a screening tool for OSA could allow us to rule out 
significant OSA in almost a third of the patients and to 
detect patients with severe OSA. This cheap and widely 
available technique could accelerate preoperative work-up 
of these patients. 
Keywords Bariatric surgery · Sleep apnea ·Type III portable 
monitor· Oximet1y ·Lung volume· Preoperative work-up · 
Oxygen desaturation 
Introduction 
Obstructive sleep apnea (OSA) is a common disease with a 
prevalence of 4% in middle-aged men and 2% in middle-aged 
women [l]; however, only a limited potiion ofthese patients 
are diagnosed and treated. OSA is commonly encountered in 
morbidly obese patients undergoing bariatric surge1y with a 
prevalence of 76% to 96%, but only 15% to 19% of these 
patients have an established diagnosis of OSA [1-3]. There 
is an increasing amount of evidence suggesting that sleep 
apnea has a significant negative impact on both the 
perioperative and postoperative complications in these 
patients [2, 4-7]. Sedatives, analgesics, and anesthetics alter 
upper airway tone, and airway obstruction and death have 
been reported in patients with OSA. Obese patients with 
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OSA usually have a narrow upper airway due to fat 
deposition inside the pharyngeal walls (so-called fat pads), 
which result in a natural tendency for the upper airway to 
collapse [8]. During wakefulness, these obese patients need 
to actively keep their upper airway open by contracting their 
upper airway dilator muscles, which allows them to breathe 
normally. When they fall asleep, these muscles relax and the 
upper airway tends to collapse, yielding an apnea or a 
hypopnea. When carbon dioxide and oxygen levels reach a 
certain threshold, the patients arouse, which allows them to 
reactivate their upper aüway dilator muscles. If patients 
receive benzodiazepine premedication or opiates after 
surgery, the main risk they are exposed to is prolonged 
oxygen desaturation due to a delayed arousal at the end of 
the apnea or to a more severe collapse of the upper aüway 
due to the myorelaxing effects of these drugs. It is, therefore, 
important to diagnose and treat OSA preoperatively. 
Screening for OSA is recommended as part of the 
preoperative assessment of the patients by the Bariatric 
Scientific Collaborative Group and the International 
Federation for the Surgery of Obesity Guidelines for 
Safety, Quality, and Excellence in Bariatric Surgery. A 
multidisciplinary team that includes pulmonologists or 
sleep specialists is, therefore, recommended to evaluate 
every patient scheduled for bariatric surgery. In addition 
to the routine preoperative assessment for major abdominal 
surgery, the patient scheduled for bariatric surgery should 
undergo further assessment that includes sleep apnea 
syndrome screening [9, 10]. 
Limited channel home monitoring (type III portable 
monitors measuring nasal airflow, chest and abdominal 
movements, and pulse oximetry) or pulse oximetty alone 
are used in Europe to screen patients for OSA before 
surgery. Oximetry alone is an easier and less costly way 
to perform this screening compared to using portable 
monitors, but its sensitivity and specificity in morbidly 
obese patients is yet unknown. The objective of this 
study was thus to compare the sensitivity of oximetry 
alone versus portable polygraphy in the preoperative 
screening for OSA in this population. 
Materials and Methods 
Screening of Medical Records and Patient Selection 
Medical records of 68 obese patients (23 males and 45 
females) who underwent bariatric surgery by Roux-en-Y 
gastric bypass between November 2006 and June 2008 at 
the University Hospital of Lausanne (CHUV) were 
retrospectively reviewed. All patients were evaluated by 
a multidisciplinary team, including an endocrinologist, a 
psychologist, a dietician, an anesthesiologist, a pulmo-
%J Springer 
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nologist, and a bariatric surgeon. The indication for 
bariatric surgery was considered if their body mass index 
(BMI) exceeded 40 kg/m2, or 35 kg/m2 with at least one 
comorbidity related to their weight, and after failure of 
conservative treatment for at least 2 years. 
Anthropometric Measures 
Body weight and height were measured with a Detecto 
scale and stadiometer, and the BMI was calculated as 
weight (in kilograms) divided by the square of the height 
(in square meters). 
Respiratory Assessment 
Sleep apnea screening was performed with an Embletta 
system (Embla, Broomfiels, CO, USA). This system 
incorporates nasal pressure measurements to estimate 
airflow, thoracic and abdominal bands for measuring 
respiratory effort, and finger pulse oximeter recordings. 
The recorder is tied to the chest with a Velcro band and also 
detects body position. The pulse oximeter (Nonin, Ply-
mouth, MN, USA) has a sampling rate of 10 Hz. All data 
were analyzed by the same investigator using the "Chicago 
criteria" for the definition of apnea and hypopnea [11]. 
Desaturation was defined as a 3% or 4% drop in oxygen 
saturation from the pre-event baseline. Oxygen drop had to 
occur within a 1-min time frame. The apnea-hypopnea 
index (AHI) was defined as the total number of apnea + 
hypopnea occurring per hour of sleep. The oxygen 
desaturation index (ODI) represents the number of oxygen 
desaturation occurring per hour of sleep. 
Data collected from these recordings include AHI, 3% 
oxygen desaturation events (OD3%), 4% oxygen desaturation 
events (OD4%), average desaturation amplitude (AD%), 
lowest oxygen saturation (LOD), average oxygen saturation 
(AOS%), supine AHI, nonsupine AHI, supine time (in 
percent), nonsupine time (in percent), obstructive, central, 
and mixed apnea frequency, and prop01tion oftime spent with 
an oxygen saturation <90% and <80%. 
Patients were connected to the monitoring equipment at 
the hospital sleep center in the late afternoon, slept at home, 
and brought the recorder back the following day. At least 
5 h of good quality data including at minimum oxygen 
saturation and flow was required to validate the recording. 
Table 1 Demographic data 
Mean SD Range 
Age (year) 39.4 10.3 18--61 
BMI (kg/m2) 44.3 5.1 37.3-61.9 
Weight (kg) 123.5 19.7 81.3-192.2 
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Table 2 Summary of statistical data for polygraphy and oximetry 
measurements in our sample population 
Mean SD Range 
Apnea hypopnea index (AHI) 15.3 13.8 0.6-53.9 
Supine AHI 21.5 25.0 0-142.5 
Nonsupine AHI 11.8 12.47 0-59.8 
Supine time (%) 37.0 25.9 0-99.8 
Obstrnctive apnea (% ) 6.3 10.7 0-62.5 
Central apnea (% ) 1.9 5.8 0-38.l 
Mixed apnea (%) 0.5 1.7 0-11.8 
Hypopnea index(%) 13.5 11.5 0.4-41.1 
OD per hour 2':3% 21.7 17.9 1.3-69.l 
OD per hour 2':4% 15.6 14.9 0.6-55.1 
Lowest saturation (mean %) 82.0 8.4 51-94 
Saturation <90% (% time) 10.3 21.1 0-99.4 
Supine OD per hour 3% 27.2 24.7 0-127 
Nonsupine OD per hour 3% 18.2 17.3 0-69.2 
Supine OD per hour 4% 19.1 23.11 0-149.5 
Nonsupine OD per hour 4% 11.6 13.17 0-56.5 
Otherwise, the recording was repeated on a subsequent 
night. The investigator analyzed the data using al! the 
recorded channels and reanalyzed the data for al! patients 
using only the oximet1y recording. 
For each patient, we compared the sensitivity of OD3% 
or OD4% (oximetty alone) with AHI (polygraphy) to 
diagnose OSA and classify the patients as normal (<10 
events per hour), moderate (10-30 events per hour), or 
severe (>30 events per hour). We also compared time spent 
in supine and nonsupine posture with oxygen saturation 
parameters (LOD, saturation <90%, saturation <80%, 
OD3%, and OD4%). 






"' ~ 50%. a. 
.... 40%-0 
~ 30% 
42.6 50 20% 
10%-
0% 
AHI OD3% 004% 
[[J~,;"':~~H-l!J~~~~rat\l_H __ (J_~~rrn~' i 
Fig. 1 OSA prevalence in our population as determined by 
ambulatory polygraphy (apnea + hypopnea per hour = AH!) or 
oximetry alone (3% or 4% desaturation per hour = OD3% and 
OD4%). N01mal (<10 per hour), mild to moderate (10-30 per hour), 
severe (> 30 per hour) 
Table 3 Oximetry sensitivity, specificity, PPV, and NPV for an AHI 
>10 per hour 
OD3% OD4% 
Sensitivity (%) 97 83 
Specificity (%) 69 93 
PPV (%) 81 94 
NPV (%) 95 79 
Statistical Analysis 
Al! analyses were performed using the Jump 7 statistical 
package (The SAS Institute, Carry, NC, USA) rnnning on a 
PC. Means and standard deviations (SD) were calculated 
for age, anthropometric measurements, and al! respiratory 
variables. Comparison of the sensitivity of ODI versus AHI 
was assessed by analysis of variance and paired Student's t 
test. Spearman's correlation was used to assess relationships 
between polygraphy and oximetry results and different 
anthropometric parameters. Differences were interpreted as 
statistically significant when p<0.05. 
Results 
Sixty-eight obese patients (23 males and 45 females) 
scheduled to undergo bariatric surgery were included in 
this study (anthropometric and demographic data are 
displayed in Table 1 ). 
Using AHI (portable monitor), 16.2% of the patients 
were classified as severe (>30 events per hour), 41.2% as 
mild to moderate (10-30 events per hour), and 42.6% as 
normal (<10 events per hour; Table 2). Using OD3%, 
22.1 % of the patients were classified as severe, 4 7.1 % as 
mild to moderate, and 30.9% as normal. With OD4%, 
17.6% were classified as severe, 32.4% as mild to 
moderate, and 50% as normal (Fig. 1 ). 
Overall, OD3% compared to AHI yielded a 95% 
negative predictive value (NPV) to mie out OSA (AHI> 
10 per hour) and a 100% sensitivity (0.73 positive 
predictive value [PPV]) to detect severe OSA (AHI> 30 
per hour; Tables 3 and 4). The concordance coefficient was 
Table 4 Oximetry sensitivity, specificity, PPV, and NPV for an AHI 
























o----o OD 3% 
Ill····• 004% 
-60 -50 -40 
-30 -20 -10 
Difference with AHI 
0 10 20 
Fig. 2 Mountain plot showing the difference between AHI and 3% or 
4% ODis (OD3%, OD4%) 
0.759 (CI, 0.661-0.832) between AHI and OD3% and was 
0.856 (CI, 0778-0.908) between AHI and OD4%. As 
shown on the mountain plot in Fig. 2, OD4% and OD3% 
distributions are both ve1y close to AHI and to one another. 
Among the correlations (Table 5), BMI was not 
correlated with AHI or with ODI. 
Discussion 
The main finding of this study is that oximetry al one with a 
3% desaturation threshold was able to rule out significant 
OSA ( defined as an AHI> 10 per hour) in 30% of morbidly 
obese patients scheduled for bariatric surge1y, with a NPV 
of 95%. Overall, the prevalence of OSA ( defined as 
AHI> 10 per hour) in our population was 57.4%, which is 
lower than the proportion repotted in previous studies on 
patients undergoing bariatric surgeiy where a prevalence of 
70% to 95% of OSA was rep01ted [3, 5]. However, when 
Table 5 Summaiy of correla-




Apnea hypopnea per hour (AHI) 
Apnea hypopnea per hour (AHI) 
Supine time (%) 
OD per hour >3% 
OD per hour >3% 
OD per hour >4% 
OD per hour >4% 
Lowest OD (%) 
Lowest OD (%) 
Saturation <90% (%) 
Time with saturation <90% 
Average desaturation (%) 
OBESSURG 
we used a broader definition of OSA (AHI> 5 per hour), 
72.7% of our patients would be positive for OSA, which 
corroborates previous findings. 
Various strategies have been proposed for screening 
sleep apnea before surgery, ranging from polysomnography 
(complete sleep study in a sleep laboratory), the most 
expensive and time-consuming test, to a simple costless 
questionnaire [12]. In Europe, portable polygraphy (type III 
portable monitors) is the most common test used to screen 
OSA before surgery, but recommendations may vary from 
one country to another. Compared to oximetry, p01table 
polygraphy is able to detect more subtle breathing 
disturbances such as a hypopneas or short apnea (not 
associated with oxygen desaturation) since it provides 
direct measurements of respiratory efforts and flow [ 13]. 
It is important to detect these types of subtle respiratory 
events when patients are investigated for daytime sleepiness 
or fatigue since even mild respiratory events may cause 
repetitive arousals, which can alter sleep quality and induce 
daytime sleepiness. However, when a patient is screened for 
OSA before surgery, it is not clear which parameter (AHI or 
ODI) is the most accurate predictor of perioperative 
complications. Anesthetics, sedatives, and opiates, which 
are often used in the postoperative period, tend to alter 
upper aiiway muscles tone, decrease the "respirat01y 
drive," and increase the arousal threshold, thereby allowing 
longer sleep apnea and more severe oxygen desaturation to 
occur. We can thus speculate that patients who experience 
the most severe oxygen desaturation during the screening 
night will be more susceptible to oxygen desaturation 
during and after surge1y. 
Considering that oximetiy alone has a 95% NPV to rule 
out OSA among the morbidly obese patients included in 
our study, this technique may provide enough information 
to classify patients as low risk if the ODI is below 10 per 
hour (30.9% ofour patients) or as high risk if their ODI is 
By variable Spearman p p value 
Age 0.342 0.004 
Weight 0.183 0.125 
Weight -0.345 0.004 
Age 0.429 <0.001 
Weight 0.264 0.03 
Age 0.460 <0.001 
Weight 0.299 0.01 
Age -0.466 <0.001 
Weight -0.179 0.144 
Age 0.484 <0.001 
Weight 0.229 0.061 
Weight 0.384 0.001 
OBESSURG 
>30 per hour (severe OSA in 22.l % of our patients). 
According to our results, 53% of the patients (30.9% 
without OSA and 22.1 % with severe OSA) could thus be 
screened by oximetry alone, which would save time and 
expense. Therefore, only patients with an intermediate ODI 
(i.e., between 10 and 30 per hour) should still be 
investigated with a portable polygraphy, but this category 
represents less than half ( 4 7%) of our study population. 
However, before any type of screening strategy can be 
recommended, a prospective randomized study will be 
needed to determine which OSA screening approach, if any, 
translates into a reduction of adverse events in surgical 
patients undergoing bariatric surgery. 
We were surprised by the high sensitivity of oximetry 
with an OD3% threshold to detect OSA in the population 
we studied. In the general population, pulse oximetry alone 
lacks sensitivity [ 14] because hypopnea and short apnea 
may not induce a sufficiently large oxygen desaturation to 
be detected by this device. However, in the morbidly obese 
population we studied, oximetry with a OD3% threshold 
was as sensitive as AHI to diagnose significant OSA 
defined as an AHI> 10 per hour. Our hypothesis is that, in 
morbidly obese patients, even mild apnea or hypopnea 
induces oxygen desaturation because abdominal fat reduces 
lung volume, thereby decreasing the thoracic oxygen 
reserve. This reduction in lung volume causes oxygen 
saturation levels to drop faster during respiratory events 
compared to lean individuals with a normal lung volume. 
Moreover, this lung volume reduction is likely exacerbated 
in supine posture due to a rostral shift of the diaphragm, 
which is pushed upwards by abdominal pressure, causing a 
further reduction in lung volume [4]. In addition, it has 
been demonstrated in animais and humans that a reduction 
in lung volume increases upper airway collapsibility due to 
a decrease in mediastinal traction on pharyngeal walls [15]. 
This hypothesis is supported by a significant correlation 
between weight and AHI as well as OD3% and OD4% rates 
(Table 5), which suggests that, the more obese the patients 
were, the more oxygen desaturation they experienced. 
Weight was negatively correlated with the percentage of 
time spent supine. This may be due to a greater respiratory 
discomfort for the most obese patients because they have 
more respiratory events in a supine position. BMI was not 
correlated with AHI or ODI. This surprising finding was 
previously reported by O'Keefe et al. who screened 170 
morbidly obese patients with polysomnography [5]. Age 
was also positively con-elated with the respiratory distur-
bance indexes. This is easily explained by the increase in 
OSA severity with age which has been reported in many 
epidemiological studies [ 16, 17]. 
There are a few limitations to this study. First, full 
polysomnography, which is recognized as the gold standard 
for the diagnosis of OSA, was not perfmmed on these 
patients; oximetty results were thus compared with a 
limited channel portable monitor. However, several studies 
have shown that portable monitors yield results close to 
polysomnography [18-20] and we thus believe that our 
results would still be valid if oximetty was compared to full 
polysomnography. Second, this study does not address the 
outcome of these patients according to the screening 
method because the design of the present study did not 
allow us to do so. This important question should be 
addressed in a future prospective randomized study. Finally, 
these results only apply to morbidly obese patients and 
cannot be generalized to other populations undergoing 
surge1y. 
In conclusion, using oximetry with OD3% as a 
screening tool for OSA could allow us to rule out 
significant OSA in almost a third of morbidly obese 
patients during preoperative work-up for bariatric sur-
ge1y. This cheap and widely available technique could 
accelerate preoperative work-up of these patients by 
avoiding long waiting lists for full-night (ambulatory or 
in-lab) studies. Patients with an intermediate oximetty 
result (OD 10-30 per hour) should, however, undergo 
further sleep investigations to confirm the diagnosis. 
Patients complaining of severe daytime sleepiness should 
be referred to a sleep specialist even when oximetry is 
negative. 
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